ABSTRACT: Three theories of habitat use proposed for marine fishes -the constant density model, the proportional density model, and the basin model -make contrasting predictions of how the geographical range, local density, and fitness change as population size changes. We tested model predictions with survey data on yellowtail flounder Limanda ferruginea from the Georges Bank region, where abundance changed by a factor of 4 over a decade. Surveys took place in spring and fall, and data on individual length, mass, sex, and reproductive status were available. Analysis of spatial pattern revealed that the overall area occupied by flounder increased by a factor of 2 when abundance was high, and local density increased predominantly in high quality habitat that had been closed to commercial fishing. Condition, which served as a proxy for fitness, was lower in females when abundance was high. Geospatial analysis revealed mesoscale variability in condition, over 10s to >100 km, except in the spring season during low abundance periods. Spatial autocorrelation explained as much as 25% of the variability in condition, indicating that site dependence was a factor in explaining the spatial distribution that we observed. These results are most supportive of both the constant density model and the basin model. This approach detected an important population center for yellowtail flounder and determined its extent using only measures of abundance, location, and condition of individual fish, data commonly collected during routine fishery assessment surveys. Here we demonstrate that analyses linking population responses to variation in such measures at local spatial scales can have significant implications for identifying areas of important fish habitat and suggest greater use of geospatial approaches in conservation and management of exploited species.
INTRODUCTION
The processes that shape species distribution are fundamental concerns of ecology and must be taken into account for effective conservation and management strategies. This is especially important for marine fishes, as patterns of exploitation add a major source of variability (Grand & Grant 1994 , Essington & Kitchell 1999 , Abrams 2000 . Managing stocks to ensure sustainability may require identification and protection of the highest quality habitat, which produces the highest possible biomass. In particular, closed areas designed to conserve spawning populations of fish are especially effective if located in high quality habitats which are always occupied by spawning adults regardless of whether overall population levels are high or low.
Differential patterns of survival and active habitat selection, separately or together, result in the patchy distributions of fishes that we observe. The conceptual definition of habitat, the area where an animal lives (Smith & Smith 1998) , is intuitive and straight-forward. The operational definitions used to define this area, however, are many and varied. Presence/ absence of a species, niche description and quantification (Pittman & McAlpine 2003) , variation in distribution of fish communities (Auster et al. 2001) , and variation in population density (Knight & Morris 1996) have all been used to identify habitat. However, individuals are often found in suboptimal habitats, and the mere presence of an organism in a particular habitat does not indicate that the population can sustain itself there (Schultz & Ludwig 2005) . Ecological sinks (Pulliam 1988 , Pulliam & Danielson 1991 , Delibes et al. 2001 ) and traps (Kristan III 2003) can promote population of poor habitats. Hence, incorporating some measure of habitat quality into our habitat definitions can contribute to the conservation and sustainability of exploited species such as marine fish. An individual in high quality habitat enjoys high energy intake and/or low risk of predation or disease and therefore has high rates of survival and reproduction. Energy not used in compensating for adverse abiotic factors (temperature, salinity, dissolved oxygen, current) can also be diverted into growth or reproduction. We refer generally to this as a fitness benefit.
Three theoretical constructs have been used to explain the relationship between abundance and distribution in marine fishes: the constant density model (CDM), the proportional density model (PDM) , and the basin model (BM) (Petitgas 1998) . The CDM predicts that local density remains constant and the range (the total area occupied by the species) expands and contracts with changes in global abundance (Iles & Sinclair 1982 , Hilborn & Walters 1992 . The mechanism driving the CDM could be territoriality (Hilborn & Walters 1992) or, more generally, site dependence (Rodenhouse et al. 1997) . Individuals claim exclusive access to some site (portion of habitat), and their presence precludes use by other individuals. Habitat quality does not degrade with occupation of adjacent areas, and more habitat is occupied as the population grows (Rodenhouse et al. 1997) . Individual reproductive success is determined in part by habitat quality and is unaffected by population size (McPeek et al. 2001) . The CDM, driven by site-dependence, predicts that fitness is greater in higher quality habitat that is occupied first (Rodenhouse et al. 1997) . Territoriality can be seen as a special case of site dependence in which dominant individuals actively exclude subordinates, but individual reproductive success is still determined by habitat quality. This is also equivalent to the ideal dominance model proposed by Fretwell & Lucas (1969) .
The PDM predicts that range remains constant and local density changes proportionally with changes in global abundance (Houghton 1987 , Myers & Stokes 1989 , Hilborn & Walters 1992 , Petitgas 1998 . The PDM was used to explain North Sea haddock and American plaice distributions on the Grand Banks of Newfoundland (Myers & Stokes 1989) , but no mechanism was proposed to account for it. Local processes that provide enhanced prey resources could result in increases in local density in phase with changes in global population (Petitgas 1998) . Spatial heterogeneity in post-settlement survival due to availability of predator refuges (Levin 1994) would also provide an ecological mechanism for proportional changes in local abundance in the context of site-dependent habitat use. As originally described, the PDM made no predictions regarding fitness, but if a site-dependent mechanism is the basis for the PDM as discussed above, then differences in fitness should be detectable among habitats as in the CDM.
The BM predicts that both local density and species range change with changes in global abundance (MacCall 1990 ) and proposes density-dependent habitat use (Fretwell & Lucas 1969) as the mechanism. Fretwell & Lucas (1969) theorized that habitat choice is influenced by habitat suitability, now commonly interpreted as the fitness value. The fitness value is also inversely related to population density. Hence, habitat use is density dependent, and an optimizing individual will leave initially high quality habitat when high abundance there has depressed fitness below that which can be obtained in a lower quality but less crowded habitat. Fretwell & Lucas (1969) referred to this scenario as ideal free distribution. MacCall (1990) incorporated these ideas in his BM, using habitat choice as the driving force behind changes in local population density, global abundance, and the range occupied by a species. Simpson & Walsh (2004) concluded that yellowtail flounder Limanda ferruginea distributions were consistent with the BM because the range changed with changes in population size; however, they lacked an estimate of fitness, and their results could also be consistent with the CDM. In order to distinguish between the BM and the CDM one needs to look at local population density and some measure of fitness. While the BM predicts that fitness should be the same across habitats, the CDM, if driven by sitedependent habitat use, predicts that higher quality sites will produce individuals with higher fitness. For this reason, Shepherd & Litvak (2004) recommend incorporating analyses of spatial variation in fitness in tests of density-dependent habitat use.
Linking the demographics of managed species to particular models of habitat use can have important implications for development and testing of management strategies. The growth potential of a population will depend on whether the spawning stock is distributed in a way that homogenizes fitness, or alternatively is distributed into sources and sinks. The need for and potential boundaries of areas to protect juveniles or spawning adults in a population will depend on species-specific responses to variation in population size. Further, understanding and interpreting responses to habitat management actions will also depend on model fit. A decrease in fitness across a population (e.g. observed as a decrease in growth or fecundity) may be interpreted as a failure of a conservation scheme, but this is the expected response with an increase in abundance for species that fit the BM.
The objectives of this study were to test predictions made by these 3 models of habitat use (summarized in Table 1 ) with data from portions of a 48 yr long time series on yellowtail flounder Limanda ferruginea on Georges Bank (NW Atlantic). These data permitted tests of habitat selection theories on a large spatial scale. We determined if geographical range increases and local population density remains constant, or if ranges and density both change, when a low abundance period is compared to a high abundance period. We tested for spatial variation in proxies of fitness as suggested by Shepherd & Litvak (2004) , and determined whether fitness is site driven or related to population size.
METHODS
The National Marine Fisheries Service has conducted a biannual bottom trawl survey of the northeast continental shelf since 1963 in order to assess the abundance of economically important marine species (Grosslein 1969) . The survey covers the continental shelf from Cape Hatteras, North Carolina, northward into Canadian waters (Fig. 1) . Sampling stations are chosen randomly each year within strata that are defined by depth and temperature. The number of stations are proportional to stratum area (Grosslein 1969 , Azarovitz 1981 The increase may be more pronounced if fish follow a Beverton-Holt stock−recruitment relationship Table 1 . Limanda ferruginea. Model predictions of changes in distribution and fitness with population size (N). Geographical range is the total area occupied by the species. Local density is the catch per unit effort within a given area. Local fitness is a measure of fish health generated from length and weight of individual fishes within a given area. Spatiotemporal variation in fitness is the predicted reaction of the fitness metric to changes in population size. CDM: constant density model; PDM: proportional density model; BM: basin model Trawls are conducted in a standardized fashion. Details of the trawl survey design in addition to this summary can be found in Reid et al. (1999) . A net is towed by the survey vessel for 30 min, during which the ship covers about 1.5 nautical miles. For each tow, environmental data (water temperature, depth, salinity) are collected, and the catches are sorted by species, counted, and a subsample is weighed and measured. Catch per unit effort (CPUE) is estimated as catch per tow. The area swept by the net appears to be consistent based on calculations made during the 2006 season. The mean area swept was 0.74 km 2 , and the standard deviation was 0.0007 km 2 , assuming that door spread is constant at the mean value of 22.15 ± 0.21 m.
We chose to use yellowtail flounder Limanda ferruginea for our geospatial tests of habitat models because it has exhibited wide variation in population size (Fig. 2) . Low (1992 to 1995) and high (1999 to 2004) abundance periods were selected based on stock assessments (NEFSC 2008) . This species is managed as 3 sub-populations: Cape Cod to Gulf of Maine, Georges Bank, and the southern New England−Middle Atlantic Bight (Fig. 1) . We focused on the Georges Bank stock because yellowtail flounder are most numerous there. Some areas of Georges Bank have been closed to commercial fishing as part of fisheries management plans. Closed Area II (CAII) was closed by the United States in 1994 (Fig. 1) . The area has been open on a limited-access basis since 1999 for harvest of sea scallops Placopecten magellanicus, with restrictive controls to minimize bycatch of yellowtail flounder. Canada closed parts of Area 5Z ( Fig. 1 ) to groundfish harvest from January to May from 1994 through 2004. Georges Bank trawl survey CPUE was higher by a factor of 4 during the high abundance period.
To test predictions regarding the effect of abundance on geographical range, individual catch records were plotted using a geographic coordinate system (North American Datum of 1983 [NAD 1983 ]) using the latitude and longitude where each trawl began. Coordinates were then reprojected into Universal Transverse Mercator (UTM, Zone 19N; NAD 1983) system to permit accurate measurements of distances, geospatial relationships, and areas occupied. Geographical range (i.e. total area occupied) at high and low abundance periods was quantified using a kernel density estimator. The kernel density estimator calculates fish density within a circular surface around a point based on a selected search radius and the number of fish caught there. The result is displayed as a raster coverage. We used an a priori value of 20 km for our search radius, based on known yellowtail migration distances from tagging studies (Stone & Nelson 2003) . The output raster data were converted to polygons so that the area could be calculated (ArcGIS 9.3.1, 10.0). Differences in mean areas occupied during high versus low abundance periods were tested via a 2-sample t-test.
To test predictions regarding local density, we compared localized population densities within high quality habitat to those on Georges Bank as a whole. Stratum 1160 (Fig. 1 ) is assumed to be high quality habitat based on the consistently high numbers of yellowtail flounder found there. Yellowtail flounder eggs, larvae, juveniles, and adults are all found in this area (Johnson et al. 1999) ; it has the sandy substrate (Almeida et al. 2005 , Kostylev et al. 2005 , Link et al. 2005 ) and food items that yellowtails prefer (Johnson et al. 1999 , Link et al. 2002 . Tagging studies also indicate limited movements of yellowtails out of this area (Stone & Nelson 2003) . The total survey catch from Stratum 1160 for each year was expressed as a percentage of the catch from Georges Bank as a whole, and the relationship between the catch in Stratum 1160 and the total catch on Georges Bank was tested via regression. We also compared CPUE within Stratum 1160 to that on the rest of Georges Bank.
We tested predictions regarding spatial heterogeneity in fitness using a condition index expressing (see 'Methods'). CPUE: catch per unit effort relative fish mass. Individual fish masses and lengths have been recorded in trawl surveys beginning in 1992. The relationship between mass and length in fishes has long been used in various forms as a measure of health or condition (Le Cren 1951) , and is an indicator of energy available for reproduction (Burton & Idler 1984 , Burton 1994 . We used the residual mass index described in Jakob et al. (1996): we estimated the predictive mass−length relationship via log-log regression (Fig. 3) and determined each individual's deviation from the regression. Prior to estimating each individual's residual mass index, the mass−length data were subdivided into groups based on season, sex, and gonadal development. Length− weight relationships are likely to be different in spring and fall because of gonadal development during the spawning season. Mature ovaries can comprise 20% or more of a female yellowtail flounder's mass (Wilk et al. 1990) , so fish of the most frequently occurring maturity stage were used for the analysis for each season to minimize these differences. The maturity classification scheme used was that first proposed by Morse (1979) . Each fish was classified upon capture as immature (I), developing (D), ripe (R), spent (S), resting (T), or unknown (X). Yellowtail flounder spawn in the spring; most of the fish captured during the fall survey were in Class T, while most of the fish during the spring survey were in Class D.
To test the predictions regarding fitness, we analyzed variability in condition in 2 spatial domains. We conducted an among-stratum analysis via a nested mixed-model analysis of variance (ANOVA). The main effects in this model were abundance (2 levels: low and high), stratum (11 levels), season (fall and spring), and year (random effect nested within each combination of abundance, stratum, and season). The analysis was conducted separately for each sex. We used the MS (error) of the nested effect in the denominator for F-tests of each interaction and main effect. We conducted a mesoscale (10s to 100s of kilometers) analysis via geospatial tools for assessing spatial autocorrelation. This analysis was conducted separately on each combination of sex, season, and abundance. We constructed a prediction surface using kriging or cokriging (see Appendix 1). To determine whether there was significant spatial autocorrelation in condition, we regressed observed values of condition against the expected values estimated by kriging, referred to henceforth as k ⌢ .
A statistically significant regression was taken as evidence of spatial autocorrelation in condition.
Because there is the potential for confounding spatial and temporal effects in these multi-year datasets, we tested for combined effects of year and k ⌢ on observed values of condition in analyses of covariance (ANCOVAs). We also tested for a year effect on k ⌢ in 1-way ANOVAs. Year was included as a categorical variable in each analysis.
RESULTS

Yellowtail flounder
Limanda ferruginea occupied larger geographic ranges during the high abundance period ( Table 2 ). The areas occupied were significantly greater during the high abundance period in both the spring (p = 0.03) and the fall (p = 0.002). In both seasons, the mean area occupied increased from about 4000 to about 8000 km 2 . Over time, local population density in high quality habitat (Stratum 1160) increased more quickly than on the rest of Georges Bank and was an increasingly larger percentage of the total survey catch (Fig. 4) Table 2 . Limanda ferruginea. Geographical range of yellowtail flounder on Georges Bank. Differences in mean areas occupied during low and high abundance periods were significant (p < 0.05) for both fall and spring Fig. 3 . Limanda ferruginea. Log-log regression of mass and length from fall-caught female yellowtail flounder. Deviation from regression (details indicated) is used as a measure for individual condition from Stratum 1160. By 2004 it had risen to nearly 70% of the Georges Bank sample (Fig. 4) and was an order of magnitude higher than CPUE elsewhere (Fig. 5) . The geographical distribution of the population is shown in Fig. 6 . Condition indices for females were significantly lower when populations were high but not for males although they trended in that direction (Fig. 7) . Males had significantly lower condition indices in the spring when compared to the fall (Table 3 ). The significant stratum result in the males was due to a difference between 2 strata, 1170 and 1200 (Fig. 1) . Year nested within abundance period, season, and stratum was significantly different for both males and (Table 3) . Mean condition indices were most ly positive despite the fact that they were based on residuals because we selected the most common reproductive stages during the spring and fall surveys to minimize differences due to spawning condition. Fish that were categorized as recently spawned or spent (S) were more likely to show a negative condition index than the stages most common during the surveys, namely resting (T) for the fall and developing (D) in the spring. Geospatial analysis suggested that there was mesoscale variability in condition, some but not all of which was due to confounding of spatial and temporal effects. Outliers identified by robust regression showed no consistent pattern with regard to location, temperature, salinity, or depth. In the fall, during both low and high abundance periods, the cross-validation slope of observed condition versus predicted values from k ⌢ was significant, and 15 to > 25% of the variability in condition was due to spatial effects (Table 4 ). In the spring, when abundance was low, condition was not spatially autocorrelated, but, during the high abundance period, condition was again spatially autocorrelated, explaining 9 to > 25% of the variance. The ACD, the maximum distance at which condition was spatially autocorrelated, differed with abundance for each sex/season combination save 2 (Table 4 ). The ACD was comparable for males and females during the high abundance period (roughly 80 km during the fall season and 30 to 40 km during the spring). It was larger during the low abundance period among males in the fall and females in the spring. The level of variability in condition among samples outside of the influence of spatial autocorrelation (partial sill) was typically lower during high population periods than for low population periods. To tease out the effect of among-year variability in condition in the geospatial analysis, we tested for combined effects of year and k ⌢ in ANCOVAs and the effect of year alone in ANOVAs ( : measure of the regression's goodness of fit; ACD: autocorrelation distance (see Appendix 1); partial sill: semivariance between points that are sufficiently far apart to be uncorrelated. **Significant at p < 0.01, under nullhypothesis that the slope is 0 Fig. 7 . Limanda ferruginea. Mean (± SD) condition indices for yellowtail flounder during low and high abundance periods, fall and spring data combined. Sample size in parentheses. The difference is significant for females, but not for males and k ⌢ were both included in ANCOVAs, the effect of k ⌢ was significant in all cases except in the spring season during low abundance periods, as described above; the effect of year was typically not significant, except among males sampled in the fall season during the high abundance period. The interaction between year and k ⌢ was significant in 1 dataset. When year alone was included in ANOVA, it was significant in 5 datasets, i.e. it took up some of the variance that had been represented by k ⌢ in the ANCOVA. However, the variance explained by year alone was not as great as the variance explained by k ⌢ alone: R 2 values in Table 5 are less than R 2 values in Table 4 , with 2 exceptions, males and females during low population periods in the spring. When we investigated the effect of stratum and season on the condition indices of males, the R 2 values from the ANOVA for stratum (0.025) was equivalent to the R 2 value of the non-significant regression for males in the spring during the low population period (Table 4 ). The R 2 value for season (0.001) was lower than all other values in Table 4 .
DISCUSSION
We found the strongest support for the BM, some responses that were consistent with the CDM and no support for the PDM. As abundance increased, geographical range increased (supporting CDM and BM), local density increased (supporting BM), and average fitness decreased (at least in females), supporting the BM. Condition, our metric of fitness, was spatially autocorrelated (supporting CDM) in 6 of 8 sex/ abundance/ season combinations we examined (Table 5) .
Geographical range occupied by yellowtail flounder Limanda ferruginea on Georges Bank doubled from ~4000 to around ~8000 km 2 (Table 2 ) when abundance increased. Yellowtail flounder in Canadian waters on the Grand Bank showed a similar response (Brodie et al. 1998 , Simpson & Walsh 2004 . Both the CDM and BM predict this change; the PDM predicts that geographic range is constant and does not change with abundance.
Local density within preferred habitat (Stratum 1160) increased over time. This result (Fig. 5) supports the BM over the CDM, which predicts constant density within preferred habitat. Moreover, density in preferred habitat increased disproportionally (Fig. 4) , contradicting the PDM. Barange et al. (2009) noted similar results for multiple anchovy and sardine populations in various locations. Local population density (similar to our results here) also increased when abundance increased. The BM predicts this disproportionate increase in density if the relationship between spawners and recruits follows a Beverton-Holt type relationship (MacCall 1990 ). Both Cushing (1973 and Shepherd (1982) agree that a Beverton-Holt stock-recruitment curve is expected for most flatfish. Brodziak & Legault (2005) have demonstrated that a BevertonHolt type response is a good fit for yellowtail flounder. The proportion of the survey catch in Stratum 1160 between 1999 and 2004 continues to increase (Fig. 4) even as the abundance for Georges Bank peaks and then begins to decline (Fig. 2) . This may be due to continued recovery of the habitat and the lack of fishing activity and is in keeping with the Beverton-Holt stock−recruitment response.
Condition in females was lower during periods of higher abundance (Table 3, Fig. 7) , which also is consistent with the BM. The CDM and PDM predict that condition at a given site should remain invariant with changes in abundance, because fitness is determined by site and not population size. Condition indices in males were not significantly different when high and low abundance periods were compared (Table 3 , Fig. 7 ). Male energy requirements are lower than for females, especially during spawning season, and they were probably able to find enough food even though population size was larger and there was more competition for food.
The increase in abundance occurring over the time period we selected (Fig. 2) (Fig. 5) ; parts of Stratum 1160 had been dubbed the 'Yellowtail Hole' by commercial fishers (Stone & Nelson 2003) . By eliminating commercial fishing, the closures reduced mortality in preferred habitat and probably increased it elsewhere through redirection of fishing effort. Fig. 5 shows that abundance increased within preferred habitat after the closure, while it stayed the same or decreased on the rest of Georges Bank. In addition to reducing the mortality rate of recruited classes of fish, the cessation of fishing also has a direct effect on habitat quality. Fishing activity impacts habitat (Auster et al. 1996 , Auster & Langton 1999 , which may recover upon cessation of fishing (Lindholm et al. 2004 , Kaiser et al. 2006 , Asch & Collie 2008 . The rapid increase in local abundance and the recovery of the habitat (an increase in carrying capacity) may be a unique response following establishment of closed areas and may explain results supporting the CDM. MacCall (1990) predicts that the rapid increase in population density of fish under a Beverton-Holt, spawner−recruit relationship would not be accompanied by an increase in area occupied. The improving habitat and the rapid increase in local density may in fact mimic a site-dependent response. Geospatial analysis revealed considerable mesoscale variability in condition at most times (Table 4) . According to the predictions in Table 1 this result supports the CDM versus the BM, which predicts that condition should be the same across habitats. It could also be the result of a Beverton-Holt spawner− recruit response along with the area closures as we have noted before. The ACDs shown in Table 4 for males and females during high abundance in the fall are similar (80 vs. 76 km) as are those in the spring (38.5 vs. 29.9 km). These distances probably reflect the 2 habitats identified in the closed area. The ACD may be larger in the fall because food is more abundant over a larger area at this time of year or because the fish have begun their fall migration. The large discrepancy in range between males and females during low population periods in the fall probably reflects the effect of stratum on fitness of males (Table 3) arising from the difference in habitat quality between Strata 1170 and 1200 (Fig. 1) .
Spatial variability in condition was absent in the spring season during low abundance periods. These samples were taken prior to the establishment of the closed areas so fishing pressure was equal everywhere (or proportional to local population density), and the habitat was altered by commercial fishing activity. Density-dependent habitat use is in effect during these low abundance periods as evidenced by the fact that there is spatial heterogeneity in abundance (Fig. 5 ), but not in condition ( Table 4 ). Note that even prior to the closures, population density was higher in Stratum 1160 than on the rest of Georges Bank (Fig. 5) . Condition may have been particularly homogenous over locations in the spring because this is a spring-spawning species. As much as 20% of female body mass is contained in the ovaries (Wilk et al. 1990 ). The higher energy demands, coupled with the fact that the fish occupy the same area as in the fall when energy demands are lower, may have depleted local resources resulting in a density-dependent response. When populations were high in the spring, the population occupied a larger area (and presumably more habitats), resulting in the spatial heterogeneity in fitness (the site-dependent response) that we observed. In the fall, energy needs are lower, food may be more abundant, competition is less, and fish may occupy a wider range of habitats (i.e. may have begun their fall migration). Site dependence results in the spatial heterogeneity in condition that we see.
The spatial heterogeneity in fitness we found is consistent with previous work by Link et al. (2005) . They found 2 different habitats within CAII, a low energy sand habitat and a high energy sand habitat. Yellowtail flounder were larger inside the closed area when compared to those sampled outside it, and were also larger in the low energy habitat when compared to the high energy habitat within CAII (Link et al. 2005) . Link et al. (2005) also showed that the low energy habitat contained greater abundance and diversity of benthic invertebrates than the high energy habitat. This would seem to indicate higher food availability since yellowtail flounder eat primarily polychaetes and small crustaceans (Langton 1983 , Link et al. 2002 . These habitats appear to continue into 5Z, the closed area on the Canadian side of the border (Kostylev et al. 2005) . Link et al. (2005) did not find greater abundances of yellowtail flounder inside the closed area, but they only sampled 3 nautical miles outside CAII, well within known migratory distances for yellowtail flounder (Stone & Nelson 2003) and consistent with spillover effects of adult fishes observed from areas closed to fishing (Murawski et al. 2005) .
Our results here support the BM, which is a model driven by density dependence. We do, however, see evidence of site dependence (the driving force behind the other 2 models of habitat use) in the spatial heterogeneity of condition indices we detected in our geospatial analysis. Rodenhouse et al. (1997) has suggested that site dependence is not necessarily an exclusive alternative to density dependence; the 2 responses may work in concert. Fish in preferred habitat may show a site-dependent response until population levels reach the point where density dependence begins to act.
The geospatial approach we used here has applications in fisheries management. Using basic data routinely collected during resource assessment surveys, such as capture location, length, weight, and abundance, we were able to identify an important yellowtail flounder population center, demonstrate that fish may use habitat in both site-dependent and densitydependent ways, and determine the area over which those forces were operating. We also demonstrated a seasonal component in their distribution and that there was a transition in habitats within the closed areas confirming earlier work by Link et al. (2005) . Bottom depth, water temperatures, and salinities, oceanographic conditions commonly used to describe large-scale habitat attributes, provided additional information to refine the model. These types of data could be used in the future to determine sites for additional closed areas or to test the efficacy of areas which are already closed. 
